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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a heat radiating 
plate which can be made light in weight and can also 
exhibit an electromagnetic wave shielding property. 
SOLUTION: A heat radiating plate 14 is made up of a 



heat radiating layer 1 6 of a ceramic plate of sintered 
cordierite particles having a high emissivity of far 
infrared radiation and a conductive layer 1 8 as a thin 
copper film formed on one side of the heat radiating 
layer 1 6 by electroless plating or deposition. One side of 
the heat radiating plate 14 provided with the conductive 
layer 18 is bonded to one side 12b of a substrate 12 by 
a heat-transmitting adhesive. The heat radiating plate 14 
having the conductive layer 1 8 can perform not only 




heat radiating function but also electromagnetic wave 
shielding function. In addition, since the heat radiating 
plate 14 contains ceramic material as its main 
component, it can be made lighter than a heat radiating 
plate which is made of only metallic material and which 
exhibits similar heat radiating and electromagnetic wave 
shielding abilities. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The thermolysis layer which is the heat sink which radiates heat in the heated object 
heated with a heating element or this heating element, and consists of ceramic material, the 
conductive layer which consists of a metal thin film formed in the single-sided front face of this 
thermolysis layer, and the heat sink characterized by being alike and being constituted more. 
[Claim 2] It is the heat sink according to claim 1 which the above-mentioned thermolysis layer 
consists of ceramic material of the thermal radiation nature which changes and emits heat to far 
infrared rays, and is characterized by forming the above-mentioned conductive layer in the 
contact surface with the above-mentioned heating element or the above-mentioned heated 
object. 

[Claim 3] The contact surface with the above-mentioned heating element or the above- 
mentioned heated object is a heat sink according to claim 1 which the above-mentioned 
thermolysis layer consists of a thermally conductive ceramic material which conducts heat 
efficiently, and is characterized by forming the above-mentioned conductive layer in the field of 
an opposite side. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the heat sink used in 
order to radiate heat in the heated object heated with a heating element or these heating 
elements, such as electronic parts. 
[0002] 

[Description of the Prior Art] In recent years, since calorific value also increases and electronic 
parts, such as IC currently used for electronic equipment etc., serve as a malfunction of 
electronic equipment, and a cause of failure of the electronic parts itself while power 
consumption increases by the improvement in the degree of integration, and improvement in the 
speed of operation, the cure against thermolysis poses a big problem. 

[0003] Then, conventionally, in electronic equipment etc., in order to stop the temperature rise 
of electronic parts during the use, the heat sink constituted by brass etc. using a thermally 
conductive high metallic material is used. This heat sink is contacted to electronic parts, is 
arranged, and radiates heat from the front face by the temperature gradient of the front face of 
a heat sink, and the open air in the heat which was made to conduct the heat which the 
electronic parts generate to the heat sink concerned, and conducted it. In addition, since the 
heat sink which consists of a metallic material has conductivity, can be made to serve a double 
purpose as an electromagnetic shielding material and does not need to prepare an 
electromagnetic shielding material separately, it can miniaturize the electronic equipment which 
uses a heat sink. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the heat sink which consists of such a 
metallic material had the large weight, and since it was necessary to arrange so that electronic 
parts may be surrounded when making it serve a double purpose especially as an 
electromagnetic shielding material, the heat sink was enlarged, consequently the weight of a heat 
sink, as a result the AUW of equipment equipped with the heat sink increased, and it had the 
problem of being hard coming to treat a heat sink and equipment. 

[0005] In addition, although the heat sink which consists of a comparatively lightweight ceramic 
material was also known, since it can use in this case only because of thermolysis, in order to 
shield electronic parts from an electromagnetic wave, the electromagnetic shielding material had 
to be prepared separately, consequently there was a problem that equipment will be enlarged. 
[0006] Moreover, the heat sink which consists of a metallic material also had the problem that it 
could not be used, when wiring, the terminal, etc. were prepared in the place where a heat sink 
contacts, since the whole surface had conductivity. Then, it is lightweight and this invention aims 
at offering the heat sink which moreover has electromagnetic wave shield nature, in order to 
solve the above-mentioned trouble. 

[0007] Especially, invention according to claim 3 aims at securing the insulation in the contact 

surface with a heating element or a heated object in such a heat sink. 

[0008] 

[A The means for solving a technical problem and an effect of the invention] Invention according 
to claim 1 made in order to attain the above-mentioned purpose is a heat sink which radiates 
heat in the heated object heated with a heating element or this heating element, and is 
characterized by resembling the thermolysis layer which consists of ceramic material, and the 
conductive layer which consists of a metal thin film formed in the single-sided front face of this 
thermolysis layer, and being constituted more. 

[0009] Thus, the constituted heat sink according to claim 1 is directly attached in the upper 
surface of heating elements, such as electronic parts, etc., and also it is used, being attached in 
the heated object heated with heating elements, such as a substrate, a package, etc. to which 
the heating element was fixed. And the heat generated with the heating element or the heat of 
the heated object heated with the heating element is conducted to the conductive layer which 
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consists of a thermolysis layer which consists of ceramic material, and a metal thin film, and 
radiates heat to these thermolysis layer and the conductive-layer shell exterior. 
[0010] Moreover, the conductive layer which consists of a metal thin film and has high 
conductivity shields the electromagnetic wave which is going to pass the heat sink concerned. 
Thus, since it is constituted by being able to perform thermolysis and an electromagnetic wave 
shield simultaneously and forming a metal thin film in the front face by making moreover 
comparatively lightweight ceramic material into a principal component according to the heat sink 
of this invention and-izing of the equipment which-izing of the weight could be carried out 
[ lightweight ], as a result was equipped with the heat sink can be carried out [ lightweight ] 
compared with the case where the conventional heat sink which consists of a metallic material is 
used, the easy equipment of handling can be constituted. 

[001 1] Next, the above-mentioned thermolysis layer consists of ceramic material of the thermal 
radiation nature which invention according to claim 2 changes heat into far infrared rays in a 
heat sink according to claim 1 , and emits, and the above-mentioned conductive layer is 
characterized by being formed in the contact surface with the above-mentioned heating element 
or the above-mentioned heated object. 

[0012] Thus, in the constituted heat sink according to claim 2, the conductive layer formed in 
the contact surface with a heating element or a heated object prevents it not only does not 
prevent far infrared rays from being emitted [ which are emitted from a thermolysis layer ] to the 
exterior, but that shield the far infrared rays emitted to the heating element and heated object 
side from this thermolysis layer, and a heating element and a heated object are heated by far 
infrared rays. 

[0013] That is, since far infrared rays are kinds of an electromagnetic wave, they are shielded by 
the conductive layer which has conductivity. Therefore, according to the heat sink of this 
invention, since neither a heating element nor a heated object is heated by the far infrared rays 
which thermolysis is performed by radiation of far infrared rays also from the interior of a 
thermolysis layer, and a thermolysis layer moreover emits only from the front face of a heat sink, 
heat can be radiated very efficiently by them. 

[0014] in addition, as a ceramic material of thermal radiation nature, as what has the high 
emissivity of far infrared rays For example, a cordylite (2MgO, 2aluminum203, and 5Si02), an 
aluminum titanate (aluminum203 and Ti 203), Beta-spodumene (Li2 0-aluminum203 and 4Si02) 
etc. can be used, in all infrared regions as what has high emissivity The ceramic (MnO2:60%, 
203:20% of Fe(s), CuOas an example : 10%, CoO: 10%) of a transition element oxide system etc. 
can be used. 

[0015] Next, the above-mentioned thermolysis layer consists of a thermally conductive ceramic 
material into which invention according to claim 3 conducts heat efficiently in a heat sink 
according to claim 1 , and the above-mentioned conductive layer is characterized by forming the 
contact surface with the above-mentioned heating element or the above-mentioned heated 
object in the field of an opposite side. 

[0016] Thus, according to the constituted heat sink according to claim 3, since the contact 
surface with a heating element has insulation, this is not short-circuited even if wiring is carried 
out to the contact surface by the side of a heating element or a heated object consequently, 
simple [ in the composition of the equipment using the heat sink concerned ] in a heating 
element or a heated object, since it is not necessary to insulate to the wiring on the contact 
surface with a heat sink or, and the contact surface can be detoured, it is not necessary to wire 
and wiring by the contact surface can be performed freely — and it can miniaturize 
[001 7] In addition, as a thermally conductive ceramic material which carries out the electrical 
conduction of the heat efficiently, alumimium nitride, a beryllium oxide, silicon carbide, a ferrite, 
etc. can be used, for example. 
[0018] 

[Embodiments of the Invention] The example of this invention is explained with a drawing below. 
Drawin g 1 is a whole block diagram showing the printed wiring substrate with a heat sink of the 
1st example. As shown in drawin g 1 , the printed wiring substrate 10 with a heat sink of this 
example is constituted by the substrate 1 2 in which various electronic parts were attached while 
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the circuit pattern was printed by one field (henceforth part installation side 1 2a), and the heat 
sink 14 pasted up on the field (henceforth adhesion side 12b) of another side of a substrate 12 
with the thermally conductive adhesives of thermally conductive good common knowledge. 
[0019] The heat sink 14 was equipped with the thermolysis layer 16 which consists of a ceramic 
board which made the cordylite particulate matter with the high emissivity of far infrared rays 
sinter, it was constituted by forming in the field of one of these the conductive layer 18 which 
consists of a copper thin film by electroless deposition or vacuum evaporationo, and the near 
field in which the conductive layer 18 was formed is made into the adhesion side to a substrate 
12 here. In addition, a conductive layer 18 should just combine high temperature conductivity, 
such as not only copper but nickel, gold, silver, etc., and high conductivity. 
[0020] In addition, at this example, by adhesion side 12b of a substrate 12, since there is a 
possibility that a circuit pattern may connect too hastily through the conductive layer 18 of a 
heat sink 14, any circuit patterns other than a grand pattern are not printed. Thus, in the 
constituted printed wiring substrate 10 with a heat sink, the heat which attaches in part 
installation side 12a of a substrate 12, and is generated with **** various electronic parts is 
conducted to a heat sink 14 through a substrate 12. 

[0021] And thermolysis is not only performed from the front face of the thermolysis layer 16 by 
the temperature gradient with the open air, but in the heat sink 14 heated by the heat conducted 
through the substrate 1 2, the thermolysis layer 1 6 which consists of a particulate matter of a 
cordylite radiates heat positively also from the interior of the thermolysis layer 1 6 by changing 
and emitting heat to far infrared rays. 

[0022] Moreover, the conductive layer 18 which consisted of a copper thin film and combines 
high temperature conductivity and high conductivity shields the electromagnetic wave which is 
going to pass a heat sink 14 while telling the heat of a substrate 12 efficiently to the thermolysis 
layer 1 6. In addition, since the far infrared rays which the thermolysis layer 1 6 emits are also 
kinds of an electromagnetic wave, a conductive layer 18 also shields the far infrared rays emitted 
towards the substrate 1 2 side from the thermolysis layer 1 6. 

[0023] According to the printed wiring substrate 10 with a heat sink of this example, as explained 
above, a heat sink 14 makes ceramic material a principal component, and since it consists of 
forming a metal thin film in the front face, it can lightweight-ize it compared with the case where 
the heat sink which consists only of a metallic material is used. 

[0024] And since other members are not needed in order to be able to perform not only 
thermolysis but an electromagnetic wave shield and to perform an electromagnetic wave shield 
to it, since the conductive layer 18 is formed in the heat sink 14, equipment can be miniaturized. 
Moreover, according to the printed wiring substrate 1 0 with a heat sink of this example, since the 
electronic parts attached in the substrate 1 2 and the substrate 1 2 by radiating heat also from 
the interior and moreover shielding the far infrared rays to which the conductive layer 1 8 was 
emitted towards the substrate 1 2 side only from the front face are not heated by far infrared 
rays, the thermolysis layer 1 6 can radiate heat very efficiently. 

[0025] Next, the 2nd example is explained. Drawing 2 is a whole block diagram showing the 
printed wiring substrate with a heat sink of the 2nd example. As shown in drawin g 2 , the printed 
wiring substrate 20 of this example consists of a substrate 22 by which parts were attached in 
one field (henceforth part installation side 22a), and a heat sink 24 pasted up on the field 
(henceforth adhesion side 22b) of another side of a substrate 22 with thermally conductive 
adhesives like the 1 st example. 

[0026] And a heat sink 24 is constituted by forming the conductive layer 28 which consists of a 
silver thin film by electroless deposition, vacuum evaporationo, etc. in the single-sided front face 
of the thermolysis layer 26 which consists of a ceramic board which used alumimium nitride as 
the component, and the side to which the thermolysis layer 26 was exposed is made into the 
adhesion side to a substrate 22 contrary to the 1st example. 

[0027] In addition, in this example, the adhesion side of a heat sink 24 has insulation, and since 
the circuit pattern printed by adhesion side 22b of a substrate 22 does not connect too hastily 
through a heat sink 24, the circuit pattern is printed by adhesion side 22b of a substrate 22. 
Thus, in the constituted printed wiring substrate 20 with a heat sink, the heat generated with the 
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various electronic parts attached in part installation side 22a of a substrate 22 is conducted to a 
heat sink 24 through a substrate 22. 

[0028] And the heat sink 24 heated by the heat conducted through the substrate 22 performs 
thermolysis from the front face by the temperature gradient with the open air. Moreover, the 
conductive layer 28 which consists of a silver thin film and has high temperature conductivity 
and high conductivity shields the electromagnetic wave which is going to invade into the part 
installation side 22a side of a substrate 22 from the adhesion side 22b side of a substrate 22 
while telling the heat from the thermolysis layer 26 to the front face of the heat sink 24 in 
contact with the open air. 

[0029] Since the heat sink 24 is constituted like the 1st example by the thermolysis layer 26 
which consists of a ceramic, and the conductive layer 28 which consists of a metal thin film 
according to the printed wiring substrate 20 with a heat sink of this example as explained above, 
thermolysis and an electromagnetic wave shield can be performed simultaneously and-izing can 
be carried out [ lightweight ] compared with the case where the heat sink which moreover 
consists of a metallic material is used. 

[0030] Moreover, according to the printed wiring substrate 20 with a heat sink of this example, 
since surface insulation makes the high thermolysis layer 26 side the adhesion side to a 
substrate 22, a circuit pattern can be freely printed to adhesion side 22b of a substrate 22. 
Consequently, when it constitutes the circuit same on a substrate, compared with the 1st 
example, the small substrate 22 can be used and the equipment constituted using the printed 
wiring substrate 20 with a heat sink concerned can be miniaturized. 

[0031] Next, the 3rd example is explained. Drawing 3 expresses the electronic-parts shield 
package of the 3rd example constituted using a heat sink as a lid, and the perspective diagram to 
which (a) expresses whole composition, and (b) are the cross sections in the state where the lid 
was closed. 

[0032] As shown in drawin g 3 , the electronic-parts shield package (only henceforth a package) 
30 of this example consists of a package main part 32 which can contain electronic parts, such 
as IC chip, and a package lid 34 which consisted of heat sinks. Although the package main part 
32 fabricates the printed wiring substrate 40 and it is constituted, the polyimide (PI) resin layer 
42 of this printed wiring substrate 40 of a super-thin shape film is pinched in the center, the 
wiring circuit pattern 44 is formed in one field, and the field of another side is being worn with 
the copper plate 46. And box-like [ which exposed the copper plate 46 outside for such a printed 
wiring substrate 40 of composition by the so-called deep-drawing fabrication (deep drawing) ] is 
hollowed, and the package main part 32 is fabricated. In addition, by carrying out deep-drawing 
fabrication in two steps, a part for opening is carried out in two steps, and ****** 50 is formed 
in the circumference of the stowage 48 inside the maximum here. 

[0033] On the other hand, the package lid 34 is constituted by forming the conductive layer 38 
which consists of a copper thin film by electroless deposition, vacuum evaporationo, etc. in the 
single-sided front face of the thermolysis layer 36 which consists of a ceramic board which used 
silicon carbide as the component And while being made the configuration which the package lid 
34 is laid in ****** 50 of the package main part 32, and can close a part for opening of a 
stowage 48 completely, the thickness is made equal to the height from ****** 50 to the upper 
surface 52 of the package main part 32. 

[0034] Thus, with the package 30 of the constituted this example, the wiring circuit pattern 44 is 
printed inside the package main part 32, and the electronic parts of IC chip 54 grade are 
contained by the stowage 48. And a stowage 48 is sealed by the package lid's 34 ****ing the 
thermolysis layer 36 inside (therefore, the conductive layer 38 outside), and attaching it in 
****** 50 of the package main part 32. 

[0035] In addition, the depth of the stowage 48 of the package main part 32 is made equal to the 
height of the IC chip 54, and if the package lid 34 is attached in opening of the package main 
part 32, it is made for the thermolysis layer 36 of the package lid 34 to be contacted on the 
upper surface of the IC chip 54. Moreover, by well-known thermally conductive adhesives, the 
package lid 34 is pasting the upper surface of ****** 50 and the IC chip 54, and is fixed to the 
package main part 32. 
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[0036] And the copper plate 46 which constitutes the package main part 32, and the conductive 
layer 38 formed in the package lid 34 shield an electromagnetic wave, and prevents the invasion 
of an electromagnetic wave to a stowage 48 from the outside, and disclosure of the 
electromagnetic wave to the stowage 48 shell exterior. Moreover, the heat generated with the IC 
chip 54 is conducted on the package main part 32, and radiates heat also from the front face 
(copper plate 46) of the package main part 32 while it is conducted to the package lid 34 which 
is a heat sink and radiates heat to the surface (conductive layer 38) shell exterior of the package 
lid 34. 

[0037] Since package main part 32 self fabricates the printed wiring substrate 40 according to 
the package 30 of this example as explained above, it is not necessary to prepare another 
substrate in addition to package parts etc., and a miniaturization can be realized. According to 
the package 30 of this example, moreover, the package lid 34 Since it is made for the 
thermolysis layer 36 side which consists of a heat sink which comes to form a copper thin film in 
the single-sided front face of a ceramic board, and has insulation to be contacted on ****** 50 
of the package main part 32, and the upper surface of the IC chip 54 Since composition special 
in order not to short-circuit the terminal prepared in the circuit pattern printed by ****** 50 or 
the upper surface of the IC chip 54, therefore to insulate between the package lids 34, circuit 
patterns, etc. in which an electromagnetic wave shield is possible is not needed, an equipment 
configuration can be simplified. 

[0038] Next, with reference to drawin g 4 , the modification of the electronic-parts shield package 
30 of the 3rd example mentioned above is explained. In addition, drawin g 4 shows the cross 
section in the state where the package lid 34 was attached in the package main part 32. Drawing 
4 (a) constitutes the package lid 34 in the configuration which covers not only ****** 50 but the 
upper surface 52 of a package main part namely, drawing 4 (b) The inside lid 35 of the metallicity 
which becomes ****** 50 from the brass excellent in thermal conductivity etc. is laid, and it 
constitutes so that the periphery section of the upper surface 52 of the inside [ this ] lid 35 and 
the package main part 32 and the upper surface 52 may be further covered with the package lid 
34 which consists of a heat sink. In any case, since the crevice between the current-carrying- 
part grades formed in the package main part 32 and the package lid 34 (and inside lid 35) 
becomes small, these can raise the electromagnetic wave shield nature of a package 30 more. 
[0039] As mentioned above, although the example of this invention was explained, this invention 
is not limited to the above-mentioned example, and can be carried out in various modes in the 
range which does not deviate from the summary of this invention. For example, in the above- 
mentioned example, although used as thermolysis layers 1 6, 26, and 36 as it is, without 
processing a ceramic board, in order to prevent the crack of a ceramic board, dimethyl silicone 
etc. may use the ceramic board in which the protective coat by the resin excellent in thermal 
conductivity was formed on the whole front face. 

[0040] Moreover, the thermolysis layers 16, 26, and 36 may consist of ceramic boards which 
consist of magnetic materials, such as a ferrite. In this case, since a thermolysis layer also 
shields an electromagnetic wave, an electromagnetic wave shield performance can be raised. 
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[Brief Description of the Drawings] 

[Drawing 1 ] It is a whole block diagram showing the printed wiring substrate with a heat sink of 
the 1 st example. 

[ Drawin g 2] It is a whole block diagram showing the printed wiring substrate with a heat sink of 
the 2nd example. 

[ Drawin g 3] It is the perspective diagram and cross section showing the whole electronic-parts 
shield package composition of the 3rd example which constituted the lid from a heat sink. 
[ Drawin g 4] It is a cross section showing the modification of the electronic-parts shield package 
of the 3rd example. 
[Description of Notations] 

10 20 — Printed wiring substrate with a heat sink 12 22 — Substrate 

14 24 — Heat sink 16, 26, 36 — Thermolysis layer 

18, 28, 38 — Conductive layer 30 — Electronic-parts shield package 

32 — Package main part 34 — Package lid 35 — Inside lid 

40 — Printed wiring substrate 42 — Resin layer 44 — Wiring circuit pattern 

46 — Copper plate 48 — Stowage 50 — ****** 

52 — Upper surface 54 — IC chip 
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[0015] *k, m«ii3(ce«oAntt. Msai 
[0016] c(D&oicmf&2titcm&m3ic%m<Dm 20 

< , jgMffiT-OE^^ i fcKfir 3 C T- # 5 fc 

[0017] &*5, ^&j»st5«t<mai-rssBies?i4o-fe 

5^ -y LT(4, WAGE, gftT.rt/S-'y-.k, 30 

[0 0 18] 

]&0J©Sfc^tt#0jf5iJIB*ag« 1 0(4, -?3©ffi (« 

si:«(c^aii^gi5n a p*^Dmtp»n/ v cSsi zt. a 

«1 2©ffi?i©ffi (WT, iffil 2 btl^?) f& 40 

BmitcD <j: v ^»j©f»e*i4«»aijfc -a tss^ tift 

Kli 1 4 £:(;:4: Dfi§/K£ttT^So 
[0 0 19] uCT-MS 1 4 (4, igfftfttft<0ft»t*<D 

t4jSS«KJ:-3T»!»lll3&»6***WBl 8%Mt5C 
©®#g*gl 2^<DmmM£Z4lT\,^ 0 fcfc, jgfl/S 



[0 0 2 0] &*5, #*l)5&0iJT-(4, S«l 2<0gtll 
2 bf(4, ffifStifi 1 4(Ommm l 8«H,TEi/^> 
L T L £ -5 £> 5 fc a6, ^VF^>« 

WCES/^ X491BiJ£nTl^&l,\, Cd<i;3 

nrzwim&ttzmmm&w. 1 ot-it g«i 2 ©ass 

[002 1] fLT, isi 2*^Lre**nfc»wc 

Tfflfl&Bl 6©^®fre>Jlfc^AMTfen&/-c(*T'&<, =1 
hO«e#*»&a*ttJIMB 1 6 f4, ffi«a331- 

[0 0 2 2] £fcfflVHfr5&9KK^«¥&B«ra4i 
814, Sffil 2 0M$4< 
WMM\ tmc. WLm&l 4£riIJIl_4:5£ 

;I/FT*. £*5, ttJIMH 6 

a-e**fc«>, s&msi 8(4, 

[0 0 2 3] J-X±IKB^ Lfc J: 3 *&ffl^Q&J&«tt 
SOTJBttSfEl 0(C4:n(4*, im&l 4(4, ^557 

[0 0 2 4] Lfrfc, Sfc«Mgl 4(C(4, $«/S 1 8tfJB 

S6ffiJ<D«tl^«{t^EnBiJiE^Sffi 1 0(CJ:n(4\ Mil 

6(4, *<Dmffifre>mrv%<. ft&frb^im&vi 

fc3§*^^ ->-;l/ K"f 5 C i: (C «fc D , Sfe 1 2 RO*S 
« 1 2 (CIS (3 tftt e.tl/cS?gPp a p A\ il^^ifatC iot 

[0 0 2 5] #(C, SB2*WS«C01,>TBlWrS. 02 
(4,^2 3H«ifinottfHlfi^r« &BJ£MS«*S-r£tt«t 

fiesT^So 0 2(c^-r<t^(c *^fis«©en»ffi^fi 

S2 0(4, miHSSfflJtPieiK, -SOI (J-XT, a5p a D 
Kgffi2 2 a KaWft^«l»Jf*»6tlfc»«2 2 

t. S«2 2©fflS©ffi (WT, ^«B52 2 bi:V^) 
(c|^e^14lgS9J(c4:t)S»«n/-c]K^«2 4 tA^e.* 

So 

[0 0 2 6] LT, tt,^«2 4(4, mtT >IZ-V A 

B(C IR3tMSK:J:oT«»M*»63a:*S» 
m©2 8^JB^-TSCi:(c4:fj^^n, £l*S5iCTi: 
(4S«(C, tt9KW2 6A^fStB$nfcWSte2 2^©S 
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[oo2 7] &*>\ xmmmrHz, MS2 4©sts 

A^lfe^14^LT*3D, S&2 2<D!fgffi2 2 btCfflM 
«nfcEI6><*>a*ttJ»*2 4£rtLT$S*gLTL3:-5 
C ttf&^rztb, Sffi2 2 08fl2 2 bfCtffi^^* 

WBiJiei^Sffi 2 0 T*«, »S 2 2 <DSPn a a ScMffi 2 2 a fc 

2^UM2 4tceigsns 0 

[0 0 2 8] LT, »«2 2£^LT£?S£ft;rc8s»c 
iD«nftMl2 4tt > n«4:OififtaKJ:-3 10 

a^ira t 2 8 k«ub2 

6 tt«fcJ»!W*flM»«2 4©«ffili:£*. 

5t»C, »S2 2©jgigffi2 2 bffl9*^»«2 2©g|5 
p°pSSffi2 2 aWKgALJ:? f-frV 

[0 0 2 9] W±I«WLfc*aC, ^ffifflOftftMEtt 
*Bl»JE»S«2 0KJ:ntf» %l$ffi0V£iqWc. St 

ifi2 4^7i7^e.d3)S!!i»i26i:, &mmm 

[0030] $ fc**ffiffl0ttJ!MEtt« EPBiJBE^SS 2 
Otcitltf. SSQt^tttf JfttNSftJftM 2 6{f»l£gtg2 
2'\©}g§ffii:LT^3©T\ SS2 2<Dmmm 2 b 

tceeptiE^/^-y^aiBij-rscir^T-^Sc *-©*s 

[0 0 3 1] S3H)5SplJtCOU>TittB^-rs o 03 

Ifftl^K/W^-yttLT*!), (a) tt£ 
(b) ttfi{**ffli;fc«Mrt?©K 

[0 0 3 2] H 3 -5 fc, ^ffiflRJwm^SBffiS' 

-;UK^-v!r— >* GUT. UUc/^y-^-^fcf-?) 3 0 
«, I C^-yy^F«m^gl5p D p^iR*rtPlftg^:^-y 
*32i:> »r»«KT«J«*nfc^V.yy-s;Mft3 4 fc: 40 

«4o«. i^^^ao^'msf (p 1) mmm 

4 2*>f*lC»EA,T% — ^©ffiKfiElilllggA*— >-4 

M£t>/£Jg (deep drawing) lC«fcoT\ ^14 6$ni 
EIW* *ft««E < * «T/<y ^r— 3 2*fig 
mtT(/>5o £*5, CCT'fi, 2glC^*)«nc 



4 8©^Htc(iffiB«a5 5 0*^fiSt^nTl/^o 

[0 0 3 3] ^■y^r->1ft3 4B 1 mtT^m 

L -b 5 5 -y * « & * 5 ZftfSft/f 3 6 <DKW& 

M'yy->'lft3 4(i, /W^r- 3 2<DfflB«SP5 
0tcffiS^nUX^a54 8©F,f!na5#*5££«cF^i;3C£ 

5 0^6/^7^- 3 2©±®5 2£T*©S£tc^ 

[0 0 3 4] iKD.to^fiSt^nfc^JWi^^-yy- 
->"3 OT'ti, ^-y— i^*{*3 ZtotoWKmm&'l* 
— >4 4^01BU5nr*5O, lR*figP4 8tc«. 1 C^-y 
75 4t?©m?aa#lK*fl£nSo ^UT, /<<:/$•— 5> 
#tt3 2©Htt9S5 0fc. /^yy->-l<*3 4^ tt» 
/f3 6£?9<|ij (ffiot#iS3 8*^HI) tLTtOM 

[0 0 3 5] /S-y-ir- 3 2 ©MSB 4 8© 

I Cf77*5 4©i^£i;3?L<£tlT:fc>K y< 
>y^-: ^*M(*3 4 y-i*£{*3 2 ©BanfCffi 9tt 

•yT'S 4©±SKS«4-r*«fc-5k:*tiTt'>So £fc, 

ttg|S5 OS.t/1 Cf77*5 4 0±®{CggSn-S>Ci: 
T\ ^7^— > , *f*3 2(ilS^ni 1 o 
[0 0 3 6] fLT, /<-y-Jr— : 1/W&3 2*mi£-?Z>m 
«4 6, atf;<-y*--S?fi{*3 4»C«**nfc««»3 
8*M1««*S'-A'FLT, ^»*^6iR»i*4 8^©« 
KiSOSA. RtfiRIWSM 8fr&7l-8B'N©«8ti£©if» 

ttgi«T-&S/^vy-^»3 4tcG*$n. /W4r- 

•>m3 4©si (#ti3 8) frbn-mcmmztiz 

#3 2(omm (sm.A 6) A^tai^ns. 
[0037] uimnvrczoi^ *mmm<D'*>y>r- 

So £fc, *^fiSWJcO^-yy-^3 0tc«fcn«\ ^7^r 

<DMt>\ >^yT—. V*W3 2<Dffl«gI55 0SO*I C^-y 
^5 4<0±®tcig«-T5d:-5lc^nrt/>S<DT\ «i«a5 
5 OfcEPBiJ^nfcE^/^^^ ICf7y5 4<D±miC 

[0 0 3 8] H4*#fiBUT, ±KEL/i^3*SS 
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3 2tC^0M^fc«ST'O»T®ia^-ro HP 
i4 (a) tt, t\y>T—\ i/~m#3 4£\ mtt&5Q 

mm®.Vtzt><DT>$>*), 04 (b) tt, mW&5(HC 

it. m&mmc&nrcmm&frt>Q:z&m&(D#&3 5 

•yy-^f*3 4tCTffiS^^J:otc^Ufct,OT'fe 

^•yy->*If*3 4 5) fcKJBfSSftfc* 

«»ffilBIOI»BB««/J^* < &Sfc#K ^-y4r-S>3 0©* 

[0039] W±, *5$M<omffimic OI^TtttW U ft 
*«W«±E««l«IK:IBS*n*fcO-PH:a<, * 

•yf «*irax-rsci:*<, foiSiJlSii l 6. 2 
6, 3 6tLXm^Xl^f)\ ■b7=LV'?®<DmtlttV3 

icmtxtcmmic & s ft8ii«£S£{*c&j£ l fc-t 5 5 

[0 0 4 0] £/-c, Jft*&f 1 6, 2 6, 3 6£\ 7x9 



[En 




im i ] m i *ttflfl©ttJH«{**8iMB*s«*a-r£ 

[0 2] S2H«S0l|(Dttll»E^«QlBJE»Sfi«%-r^ 

[03] »»*sM»«K:T«i<aLfcas3Si«s(wo«?aj 

IT'S?.. 

[0 4 ] §1 3 l^ffiflJ<Dm : ?a5p a a ->-^ K/^-y <«r- 

[ft^oiJiW] 

10. 2O-"ttSMKtt»ai0J£lg£« 12. 2 2- 

as 

14. 2 4 -SO&K 1 6. 2 6. 3 6- 

StJftJI 

1 8. 2 8, 3 8-a£mJf 3 0 -«?»ft^- 

3 2-^7^-^* 3 4-^^r->l* 3 
5-f M 

4 o •••9i8ijgs^a« 4 2 -«tes 4 4 ~e 

4 e -mm 4 8 - •iR^gn 5o-««« 

5 2-±m 54-1 Cf77* 



[02] 
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